In adult (300-400 g) male Wistar rats, acclimated for 3 weeks either to moderate (13 ± 1°C) or acute (5 ± 1°C) cold the changes of the metabolic rate in intact animals, respiration of muscle and liver slices in vitro, urinary catecholamine excretion and total serum thyroxine concentration have been measured. After 21 days of acclimation to both temperatures the basal metabolic rate (BMR) was elevated. Acclimation to 5°C accelerated also the metabolic rate in vitro of both tissue tested, whereas acclimation to 13°C produced a slight e!evation of the metabolism of muscle slices and a decrease of that of liver slices. Urinary adrenaline excretion during exposure of rats to 5°C was 5 to 13 times higher than prior to exposure, whereas the rise in noradrenaline excretion was much less pronounced. In rats acclimated to 13°C after a rise of urinary excretion of both amines taking place during first few days, a drop to approximately initial level occurred. Practically no changes in total serum thyroxine concentration took p'ace at exposure to both temperatures. The authors conclude that observed rise in adrenergic system activity may fully explain acceleration of the metabolism of isolated tissues as well as BMR.
INTRODUCTION
Although the isolated tissues are deprived of influence of the central regulatory systems their metabolic rate in vitro should be similar to that in vivo. This may be inferred from the fact that summated tissue metabolism in vitro is not much different from the basal metabolic rate (BMR) of the intact animal (Field & B e 1 d i n g, 1939; Martin & Fuhrman, 1941; Fuhrman et al., 1961; Jusiak, 1969) . Moreover, the metabolic rate of some tissues excised from animals acclimated to low ambient temperature was found to be higher than that of homologous tissues from control animals. This was shown in case of the liver, diaphragm, heart and skeletal muscle slices excised from the rats kept prior to sacrifice for 5 days at 5°C (Weiss, 1954; 1957) and skeletal muscles of the lemmings acclimated to 1°C (Fisher, 1958) .
The above mentioned facts support K 1 e i b e r's views (1961) that »the metabolic rate of tissues is determined by the condition in the tissue, but the conditions in the tissue are under the influence of central regulator. Those conditions which most decisively affect the metabolic rate apparently still prevail in the tissue in vitro, separated from the immediate influence of the central regulator«. Jusiak & Poczopko (1969) suggested that the time within the influences of regulatory systems persist in isolated tissues may depend on their nature. For instance, the effects of nervous regulation of muscle tonus or shivering, mediated by quickly decomposable acetylcholine, probably disappears almost immediately after excision of the tissue, whereas that of some hormonal regulators may remain much longer.
The studies described in this paper are aimed to establish the changes in hormonal factors, involved in thermogenesis, which may be responsible for increased tissue metabolism in cold acclimated mammals.
MATERIAL AND METHODS
The experiments were carried out on adult male Wistar rats weighing from 300 to 400 g. All rats were acclimated up to 3 weeks either at moderate (13 ± 1°C) or acute (5 ± 1°C) cold. During the acclimation as well as 2-3 days before it the rats were kept in individual cages, without nesting material, placed either in the room with thermoneutral temperature or in the cold room. Standard diet was provided ad libitum.
The metabolic rate was determined in rats fasted for 20 to 24 hours with diaferometer (Kipp and Zonen, Delft, Holland). The first determinations were made at thermoneutrality (27-28°C). The same rats were then used to determine their metabolic rate at low ambient temperature, on different days of acclimation, and again in thermoneutral conditions; one day after termination of cold exposure.
The metabolic rate of tissue slices were determined by Warburg technique. The rats were fasted for 20 to 24 hours and then killed by rapid decapitation using special guillotine. Immediately after killing the liver and muscle (biceps femoris)
were excised and placed into precooled (to 4°C) Krebs 
RESULTS
Body weight of rats from all groups decreased during the first few days of cold acclimation, but then again increased and at the end of the 3rd week exceeded the initial value. This decrease was most pronounced in rats used for respiratory exchange determinations because the same individuals were fasted for 20 to 24 hours before each test i.e. quite frequently during the first week of acclimation. However, the decrease was relatively small as it amounted at most to 4°/<v of the initial body weight in rats acclimated to 5°C and 2°/o in those acclimated to 13°C. The rectal temperature in rats, measured each morning, was quite stable, and amounted on the average to 38.1°C. During the first day of acclimation to acute cold small (0.4°C) but significant (p<0.05) decrease of rectal temperature was noted, which disappeared already on the 3rd day. In rats acclimated to moderate cold no significant deviation in rectal temperature occurred.
The effect of cold acclimation on the heat production in rats is presented in Fig. 1 . The control values, at thermoneutrality, for two .groups of rats amounted to 80.5 ±2.04 and 85.6 ±2.77 kcal/kg 0 -75 X 24 h. These values are very close to those obtained by K 1 e i b e r et al. (1965) and accepted by them as basal. The exposure to cold produced highly significant increase of heat production which amounted approximately to 50 to 60°/o at temperature 13°C, and to 100% at temperature 5°C. The differences between heat production rates noted on different days of acclimation were statistically not significant. The average heat production rate found at thermoneutrality, one day after termination of acclimation, was higher than before acclimation. Student's t test modified for correlated probes (test of differences) proved that these dif- ferences were significant; p<0.05 in case of moderate and p<0.01 in case of acute cold. The changes of the metabolic rate in vitro of muscle slices are illustrated in Fig. 2 and of liver slices in Fig. 3 . During the first day of acclimation at both moderate and acute cold considerable changes of tissue metabolic rate took place, as it is shown by results obtained on the rats tested 6, 12 and 24 hours after exposure to cold. However, the effect was not uniform and depending on acclimational temperature and on the tissue either increase or decrease of the metabolic rate was noted. During further acclimation a progressive stabilization of the metabolic rate was noted. After 21 days of acclimation at 13°C the metabolic rate of the muscle slices was a little, but not significantly, higher than prior to acclimation, whereas that of liver slices considerably reduces. At the end of acclimation to 5°C the metabolic rate of both muscle and liver slices was significantly elevated.
Time of acclimation, days
The changes of urinary catecholamine excretion during acclimation to moderate and acute cold are presented in Fig. 4 and 5. The excretion of adrenaline (A) at both temperatures considerably increased during first day of acclimation but then somewhat decreased. In the rats acclimated to 5°C urinary A excretion was significantly elevated up to the end of cold exposure in spite of the mentioned decrease. On the other hand, in the rats acclimated to 13°C the values of urinary A excretion on 5th, 7th and 20th day of exposure was not significantly different from that prior to exposure. The most striking effect of cold exposure on urinary noradrenaline (NA) excretion was a large increase of variation of this excretion. Because of this increased variation it was difficult to assess quantitatively the changes of the excretion of the amine occuring during acclimation. Still it is worth to point out that the average values of urinary NA excretion throughout the acclimation to 5°C were higher than prior to acclimation. The results of determinations of total serum thyroxine concentration are summarised in Table 1 . Only the values for the rats acclimated for 12 and 24 hours to 13°C were significantly different from the control, whereas all remaining were not significant.

DISCUSSION AND CONCLUSIONS
Many mammalian species show a significant increase of BMR during prolonged stay at cold environment. This elevation of BMR is usually considered to be an index of cod acclimation (Chaffee et al., 1963; Chaffee & Roberts, 1971 ). On can infer, therefore, that our rats reached high degree of cold acclimation within 3 weeks of exposure to selected temperatures. This is in agreement with the finding by J an sky et al. (1967) that the rate of acclimation is the highest during the first week of exposure to cold and then slows down reaching maximal value after 3 weeks; irrespective to the adaptational temperature. However, the magnitude of elevation of BMR in our rats was dependent on adaptational temperature, so that after acclimation to 13°C in was approximately 9% and after acclimation to 5°C 24°/o.
Our results essentially confirmed also previously quoted reports that cold acclimation accelerates tissue metabolism in vitro. The metabolic rate of muscle slices derived from the rats acclimated 3 weeks at 5°C was 45% and that of liver slices 10°/o higher than in control animals. Muscle slices from the rats acclimated to 13°C showed also a small increase of the metabolic rate (17°/o), although this increase was not statistically significant. Only in the case of liver slices in the rats acclimated to 13°C a decrease of the metabolic rate was observed.
One can assume that the elevation of tissue metabolism in cold acclimated animals may depend on hormonal factors which are involved in regulation of non-shivering thermogenesis (NST). It was estimated that during NST up to 50°/o of the heat is generated in skeletal musculature and up to 20°/o in the liver (Jansky, 1973) . For this reason muscle and liver tissues were selected for the present experiments. The increase of muscle metabolism in the rats acclimated to 5°C (45%) was almost twice as large as that of BMR in intact animals acclimated to the same temperature (24%). This is, however, not surprising, since the muscle mass of adult rats contributes only about 44% of the body weight (Huston & Martin, 1954 ) and some organs (e.g. kidney) do not play any role in NST (Jansky, 1973) so that the increase of muscle metabolism evoked by cold acclimation should be relatively high.
If cold-induced elevation of tissue metabolism and development of NST are regulated by the same agents, then one can expect that activity of the adrenergic system (known to play important role in NST regulation) would rise during cold acclimation. Since this activity most commonly is assessed on the basis of urinary A and NA excretion (Gale, 1973) we also used this method in our experiments The results of these experiments show that during the first few days of exposure to 13°C the urinary excretion of both amines increased but then again decreased. In the rats exposed to 5°C the increase of A excretion throughout the acclimational period should be regarded as considerable since it was from 5 to 13 times higher than at thermoneutrality. The changes of urinary NA excretion in the rats acclimated to 5°C were less conclusive because of the considerable variations of results. Nevertheless the average values of NA excreted by the rats kept at this temperature was from 24 to 78% higher than those found prior to acclimation. It seems, therefore, that observed increase of adrenergic system activity can fully explain the rise of both BMR and isolated tissue metabolism even without taking into account possible rise of sensitivity of the tissues to NA. This rise of tissue sensitivity to NA during cold acclimation has been claimed already by H s i e h & Carlson (1957), Leduc (1961) and confirmed by a number of other investigators (Jansky, 1973) . It is worth mentioning that in the rats acclimated fod 5 weéks at 4°C NA turnover rate in heart, skeletal muscle, spleen and lung increased approximately 1.5 fold (B r a 1 e t  et al., 1972) .
In NST regulation the most important role is played by NA, whereas that of A is less pronounced. One could expect, therefore, that cold acclimation would affect primarily urinary NA excretion. This has been shown indeed by Leduc (1961) in young rats (180 g) acclimated to 3°C. In these rats urinary NA excretion for 4 weeks of acclimation was approximately 5 fold elevated and then gradually decreased to reach a plateau on a level twice as high as prior to acclimation. The changes of urinary A excretion roughly paralleled that of NA but were smaller. Our much older rats (300-400 g) responded differently to cold acclimation as the increase of urinary A excretion was difinitely more pronounced than that of NA.
Cold acclimation had practically no effect on total serum thyroxine concentration i.e. this index showed no changes in thyroid activity during cold acclimation. This is in agreement with the finding by Cadot et al. (1969) who tried to find the differences in thyroid activity (assessed on thyroid iodine and PBI reneval rates) in the rats (Long Evans) kept at 30 and at 5°C. Thus no direct effect of cold acclimation on thyroid activity in rats was found. It is possible, however, that synergistic action of catecholamines so sensitizes receptors that no increase of thyroxine or trijodothyronine is required to maintain thermal homeostasis (Gale, 1973) . This, however, should be proven by appropriate experiments.
